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GLASS LAMINATE CONTAINING POLY 
VINYL ACETAL 

[0001] This invention relates to laminated safety compris 
ing poly (vinyl acetal) interlayer. 

BACKGROUND INFORMATION 

[0002] Laminated glass is utilized in a broad spectrum of 
products including safety glass found in automobile Wind 
shields, WindoWs in trains, airplanes, ships, and can be found 
in some form in virtually all transportation machinery. Safety 
glass is characterized by high impact and penetration resis 
tance and does not scatter glass shards and debris When shat 
tered. 
[0003] Laminated glass typically consists of a sandWich of 
tWo glass sheets or panels bonded together With an interlayer 
of a polymeric ?lm or sheet, Which is placed betWeen the tWo 
glass sheets. One or both of the glass sheets may be replaced 
With optically clear rigid polymeric sheets, such as sheets of 
polycarbonate materials. Laminated articles have further 
evolved to include multiple layers of glass and polymeric 
sheets bonded together With interlayers of polymeric ?lms or 
sheets. 
[0004] The interlayer utiliZed, is typically a relatively thick 
polymer sheet Which is Well knoWn for it’s durability, as Well 
as its to bond effectively to glass, thus creating a far safer 
product in the event of a crack or crash. In general, it is 
desirable that these polymeric interlayers possess a combina 
tion of characteristics including very high optical clarity, loW 
haZe, high impact resistance, high penetration resistance, 
excellent ultraviolet light resistance, good long term thermal 
stability, excellent adhesion to glass and other rigid polymeric 
sheets, loW ultraviolet light transmittance, loW moisture 
absorption, high moisture resistance, and excellent long term 
Weatherability, among other requirements. 
[0005] Laminated articles are most commonly formed by 
subjecting the assembly to elevated temperatures and pres 
sures in an autoclave to bond the components. 
[0006] Non-autoclave processes are generally considered 
to be less robust, and have a greater yield loss associated With 
adhesion and lamination failures in the ?nished article. Fab 
ricators exercise greater care at process control parameters to 
achieve the desired adhesion levels and clarity for the ?nished 
article. Trapped voids of air and moisture betWeen the layers 
of the laminate are mo st often to blame for the defects in the 
?nished laminate. HoWever, even With the mo st stringent 
attention to details, lamination integrity failures and cosmetic 
defects (edge bubbles) may still occur With regularity and 
Without su?icient understanding of the cause. Many different 
attempts have been made to improve the reliability of the 
non-autoclave processes utiliZed in producing these lami 
nates, but heretofore, none have proven satisfactory. See, e. g., 
US. Pat. Nos. 3,234,062, 3,852,136, 4,341,576, 438,595, 
4,398,979, and 5,536,347 and EP patent 1235683B1. See also 
US. Pat. No. 6,342,116 (a multi-stage process for laminating 
multi-layer pre-forms into laminated glaZing assemblies 
Where the pre-forms are heated to an assembly or bonding 
temperature in a heating chamber, While still being subjected 
to vacuum). 

SUMMARY OF THE INVENTION 

[0007] A process that can be used, for example, for prepar 
ing a rigid laminate containing a poly (vinyl acetal) interlayer 
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Without use of an autoclave comprising sequentially: provid 
ing a rigid layer and a poly (vinyl acetal) interlayer; construct 
ing a sub-assembly comprising the rigid layer and poly (vinyl 
acetal) interlayer; placing the sub-assembly in a vacuum bag 
or vacuum press; applying a vacuum to the vacuum bag or 
vacuum press for a maximum of 30 to 60 minutes While 
maintaining the sub-assembly at a temperature betWeen 10° 
C. and 22° C. to produce a cooled sub-assembly; increasing 
the temperature of the cooled sub-assembly to at least 100° C. 
or 1250 C. over a minimum of 10 minutes or 20 minutes to 
produce a heated sub-assembly; maintaining the heated sub 
assembly at minimum of 1 00° C. or 125° C. for a minimum of 
10 minutes or 20 minutes to form a laminate; cooling the 
laminate at a rate of at least 0.5° C./minute until the laminate 
reaches a temperature beloW 40° C.; contemporaneously With 
the cooling, removing the vacuum pressure applied from the 
vacuum bag, containing the laminate, and alloWing the lami 
nate to reach atmospheric pressure as the laminate continues 
to cool to ambient temperature; 
[0008] Wherein the materials and assembly of the sub-as 
sembly prior to the lamination process of are in an environ 
ment cooled betWeen 10° C. and 22° C. and less than 40 
percent relative humidity; and 
[0009] Wherein the process of assembly of the sub-assem 
bly through cooling the laminate at a rate of at least 0.5° 
C./ minute until the laminate reaches a temperature beloW 40° 
C. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The invention is illustrated by Way of example and 
not limitation in the accompanying FIGURE. 
[0011] FIG. 1 is a time/temperature/pressure cycle plot of 
representative process conditions used in an illustrative lami 
nate article made With a poly (vinyl butyral) as the polymer 
sheet interlayer. 

DETAILED DESCRIPTION 

[0012] All publications, patent applications, patents, and 
other references mentioned herein are incorporated by refer 
ence in their entirety. 
[0013] Unless stated otherWise, all percentages, parts, 
ratios, etc., are by Weight. 
Use of “a” or “an” are employed to describe elements and 
components of the invention. This is done merely for conve 
nience and to give a general sense of the invention. This 
description should be read to include one or at least one and 
the singular also includes the plural unless it is obvious that it 
is meant otherWise. 
[0014] This invention is directed to the improvements of a 
non-autoclave process for making glass laminated articles 
containing poly(vinyl acetal) as a polymeric interlayer. Poly 
(vinyl acetal) is a thermoplastic resin derived by the conden 
sation of an aldehyde With polyvinyl alcohol and can include 
polyoxymethylene, polyoxyethylene, polyoxypropylene, 
polyoxypolybutylene, or combinations of tWo or more 
thereof. Polyoxybutylene, also knoWn as poly(vinyl butyral) 
(PVB), is a Well knoWn and preferred poly (vinyl acetal) 
material for making laminated safety glass. Suitable poly 
meric sheets are available commercially. PlasticiZed poly (vi 
nyl butyral) sheet is commercially available from DuPont as 
BUTACITE® PVB resin sheeting. 
[0015] In a preferred embodiment, the polymeric sheet 
comprises poly (vinyl acetal) having an average molecular 
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Weight range of from about 30,000 to about 600,000, prefer 
ably from about 45,000 to about 300,000, more preferably 
from about 200,000 to 300,000 Daltons, as measured by siZe 
exclusion chromatography using loW angle laser light scat 
tering. More preferred is a poly (vinyl butyral) material com 
prising, on a Weight basis, about 5 to about 30 percent, pref 
erably about 11 to about 25 percent, and more preferably 
about 15 to about 22 percent, hydroxyl groups calculated as 
polyvinyl alcohol. Further, a preferred PVB material com 
prises 0 to about 10 percent, preferably 0 to about 3 percent 
residual ester groups, calculated as polyvinyl ester, typically 
acetate groups, With the balance being butyraldehyde acetal. 
The poly (vinyl butyral) material may further comprise a 
minor amount of acetal groups other than butyral, for 
example, 2-ethyl hexanal, as disclosed in Us. Pat. No. 5,137, 
954. 

[0016] In an embodiment, the PVB material further com 
prises a plasticiZer. The amount of plasticiZer depends on the 
speci?c PVB resin and the properties desired for the laminate. 
Various plasticiZers Which can be used are knoWn in the art, 
for example, as disclosed in Us. Pat. Nos. 3,841,890, 4,144, 
217, 4,276,351, 4,335,036, 4,902,464, and 5,013,779, and 
PCT publication WO 96/28504. PlasticiZers commonly 
employed are esters of a polybasic acid or a polyhydric alco 
hol. Preferred plasticiZers are triethylene glycol di-(2-ethyl 
butyrate), triethylene glycol di-2-ethylhexanoate, triethylene 
glycol di-n-heptanoate, oligoethylene glycol di-2-ethylhex 
anoate, tetraethylene glycol di-n-heptanoate, dihexyl adipate, 
dioctyl adipate, mixtures of heptyl and nonyl adipates, dibutyl 
sebacate, tributoxyethylphosphate, isodecylphenylphos 
phate, triisopropylphosphite, polymeric plasticiZers such as 
the oil-modi?ed sebacid alkyds, and mixtures of phosphates 
and adipates, and adipates and alkyl benZyl phthalates. Gen 
erally betWeen about 15 to about 80 parts of plasticiZer per 
hundred parts of resin, preferably about 25 to about 45 parts 
of plasticiZer per hundred parts of resin are used. This latter 
concentration is generally used With poly (vinyl butyral) res 
ins containing 17 to 25 percent vinyl alcohol by Weight. 
[0017] Suitable polymeric sheets may be formed by any 
suitable process, such as extrusion, calendering, solution 
casting or injection molding. The polymer sheet is preferably 
formed by extrusion. Extrusion is particularly preferred for 
formation of “endless” products, such as ?lms and sheets, 
Which emerge as a continuous length. 

[0018] For manufacturing large quantities of sheets, a 
sheeting calender is employed. The rough ?lm is fed into the 
gap of the calender, a machine comprising a number of heat 
able parallel cylindrical rollers Which rotate in opposite direc 
tions and spread out the polymer and stretch it to the required 
thickness. The last roller smoothes the sheet thus produced. If 
the sheet is required to have a textured surface, the ?nal roller 
is provided With an appropriate embossing pattern. Alterna 
tively, the sheet may be reheated and then passed through an 
embossing calender. The calender is folloWed by one or more 
cooling drums. Finally, the ?nished sheet is reeled up or cut 
into lengths and stacked. 
[0019] Preferably, the polymeric sheet to be used as an 
interlayer Within laminates has a roughened surface to effec 
tively alloW most of the air to be removed from betWeen the 
surfaces of the laminate during the lamination process. This 
may be accomplished, for example, by mechanically emboss 
ing the sheet after extrusion, as described above, or by melt 
fracture during extrusion of the sheet and the like. For 
example, the as extruded sheet may be passed over a specially 
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prepared surface of a die roll positioned in close proximity to 
the exit of the die Which imparts the desired surface charac 
teristics to one side of the molten polymer. Thus, When the 
surface of such roll has minute peaks and valleys, sheet 
formed of polymer cast thereon may have a rough surface on 
the side Which contacts the roll Which generally conforms 
respectively to the valleys and peaks of the roll surface. This 
rough surface is only temporary and particularly functions to 
facilitate deairing during laminating after Which it is melted 
smooth from the elevated temperature from the non-auto 
clave processes. Biaxially stretched polymeric sheets are pre 
ferred. 

[0020] The polymeric sheet may have a thickness of greater 
than about 10 mils (0.25 mm) to provide penetration resis 
tance of the resulting laminate. Preferably, the polymeric 
sheet has a thickness of about 15 mils (0.38 mm), or greater to 
provide enhanced penetration resistance. More preferably, 
the polymeric sheet has a thickness of about 30 mils (0.76 
mm), or greater to provide even greater enhanced penetration. 
[0021] The difference betWeen a polymeric ?lm and a poly 
meric sheet is the thickness, but there is no set industry stan 
dard as to When a ?lm becomes a sheet. For purposes of this 
invention, a ?lm has a thickness of about 10 mils (0.25 mm) 
or less. Preferably, the polymeric ?lm has a thickness of 
betWeen about 0.5 mils (0.012 millimeters (mm)), to about 10 
mils (0.25 mm). More preferably, the polymeric ?lm used in 
the invention has a thickness of about 1 mil (0.025 mm) to 
about 5 mils (0.13 mm). 
[0022] An adhesion control additive, for, for example, con 
trolling the adhesive bond the polymeric sheet and in multi 
layer laminate comprising a glass rigid layer, may also be 
utiliZed. These adhesive control additives are generally alkali 
metal or alkaline earth metal salts of organic and inorganic 
acids. Preferably, the adhesive control additives are alkali 
metal or alkaline earth metal salts of organic carboxylic acids 
having from 2 to 16 carbon atoms. More preferably, they are 
magnesium or potassium salts of organic carboxylic acids 
having from 2 to 16 carbon atoms. Examples of adhesion 
control additives include, but are not limited to, potassium 
acetate, potassium formate, potassium propanoate, potassium 
butanoate, potassium pentanoate, potassium hexanoate, 
potassium 2-ethylbutylate, potassium heptanoate, potassium 
octanoate, potassium 2-ethylhexanoate, magnesium acetate, 
magnesium formate, magnesium propanoate, magnesium 
butanoate, magnesium pentanoate, magnesium hexanoate, 
magnesium 2-ethylbutylate, magnesium heptanoate, magne 
sium octanoate, magnesium 2-ethylhexanoate and mixtures 
thereof. The adhesion control additive is typically used in the 
range of about 0.001 to about 0.5 Weight percent based on the 
total Weight of the polymeric sheet composition. Other addi 
tives, including but not limited to antioxidants, ultraviolet 
absorbers, ultraviolet stabiliZers, thermal stabiliZers, and 
colorants, may also be added to the polyvinyl butyral com 
position. See for example U.S. Pat. No. 5,190,826. 
[0023] A plasticiZed poly (vinyl butyral) composition for 
use in the interlayer of the multilayer laminates may be 
formed by initially mixing poly (vinyl butyral) resin With 
plasticiZer (and optionally other additives, such as described 
above for the coating matrix material), and then extruding the 
formulation through a sheet-shaping die, i.e. forcing molten, 
plasticiZed poly (vinyl butyral) through a horiZontally long, 
vertically narroW die opening substantially conforming in 
length and Width to that of the sheet being formed. Rough 
surfaces on one or both sides of the extruding sheet are pro 
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vided by the design of the die opening and the temperature of 
the die exit surfaces through Which the extrudate passes, as 
disclosed in, for example, US. Pat. No. 4,281,980. Altema 
tive techniques for producing a rough surface on an extruding 
poly (vinyl butyral) sheet involve the speci?cation and con 
trol of one or more of polymer molecular Weight distribution, 
Water content and melt temperature. Such techniques are 
disclosed in US. Pat. Nos. 2,904,844, 2,909,810, 3,679,788, 
3,994,654, 4,161,565, 4,230,771, 4,292,372, 4,297,262, 
4,575,540, and 5,151,234 and EPO 0185,863. Alternatively, 
the extruded sheet may be passed over a specially prepared 
surface of a die roll positioned in close proximity to the exit of 
the die Which imparts the desired surface characteristics to 
one side of the molten polymer. Thus, When the surface of 
such a roll has minute peaks and valleys, sheet formed of 
polymer cast thereon. The sheet Will have a rough surface on 
the side Which contacts the roll Which generally conforms 
respectively to the valleys and peaks of the roll surface. Such 
die rolls are disclosed in, for example, US. Pat. No. 4,035, 
549. As is knoWn, this rough surface is only temporary and 
particularly functions to facilitate de-airing during laminating 
after Which it is melted smooth from the elevated temperature 
and pressure associated With autoclaving and other lamina 
tion processes. 
[0024] It is understood that the polymeric sheets and ?lms 
may further comprise additives such as plasticiZers, process 
ing aides, ?oW enhancing additives, lubricants, pigments, 
dyes, ?ame retardants, impact modi?ers, nucleating agents to 
increase crystallinity, antiblocking agents such as silica, ther 
mal stabiliZers such as, but not limited to those disclosed in 
US. Pat. Nos. 4,325,863, 4,338,244, 5,175,312, 5,216,052, 
5,252,643, 5,356,966, 5,367,008, 5,369,159, 5,428,162, 
5,428,177, 5,488,117, 5,516,920, 5,607,624, 5,614,572, 
5,693,829, 5,773,631, 5,814,692, 6,140,397, 6,521,681, and 
6,586,606 as Well as DE-A-4316611, DE-A-4316622, DE-A 
4316876, EP-A-0589839, and EP-A-0591102, UV absorb 
ers, UV stabiliZers, dispersants, surfactants, chelating agents, 
coupling agents, adhesives, primers and the like. 
[0025] The rigid sheets useful in the laminates may be glass 
or rigid transparent plastic sheets, such as, for example, poly 
carbonates, acrylics, polyacrylates, cyclic polyole?ns, such 
as ethylene norbomene polymers, metallocene-catalyZed 
polystyrenes and the like and combinations thereof. Metal or 
ceramic plates may also be suitable, if transparency is not 
required for the laminate. 
[0026] The term “glass” is meant to include not only Win 
doW glass, plate glass, silicate glass, sheet glass, and ?oat 
glass, but also includes colored glass, specialty glass Which 
includes ingredients to control, for example, solar heating, 
coated glass With, for example, sputtered metals, such as 
silver or indium tin oxide, for solar control purposes and other 
specialty glasses. The type of glass to be selected for a par 
ticular laminate depends on the intended use. A typical glass 
is 90 mil thick annealed ?at glass. 
[0027] Commercial plasticiZed poly (vinyl butyral) sheet 
ing is shipped in cooled, air tight, moisture impermeable 
packaging so as to minimize the opportunity for the sheeting 
to absorb moisture and volatiles prior to fabrication. If the 
sheet is fabricated, it is also desirable to take additional pre 
cautions to store the sheet in cool and lOW moisture conditions 
prior to consumption in the lamination process. Excessive 
moisture and volatiles of the plasticiZed poly (vinyl butyral) 
sheet can have a detrimental in?uence on the adhesion and 
lamination performance. Additional storage and handling 
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information for plasticiZed (vinyl butral) sheeting is available 
in the bulletin “DUPONTTM BUTACITE® PRODUCT 
INFORMATION” published by DuPont in 2006 and avail 
able on the internet at http://WWW.dupont.com/safetyglass/ 
en/productServices/butacite/butacite_brochure.pdf. 
[0028] FIG. 1 is plot of both temperature and vacuum pres 
sure against a time scale as the components proceed through 
the process to form a laminate in the non-autoclave process. 
The temperatures shoWn in FIG. 1 are understood to be the 
temperature of component layers that ultimately are formed 
into the laminate article, and not necessarily the environment 
around the component layers. 
[0029] In one aspect, this invention is to provide process 
improvements enhancing the sub -assembly capability of sub 
sequent deairing and devolatiZation steps of the non-auto 
clave process. The plasticiZed poly (vinyl butyral) interlayer 
sheet generally has a moisture content of about 0.2 Wt. %, and 
typical commercial autoclave grades are about 0.3 to 0.6 Wt. 
%, prior to being plied into the laminated article sub-assem 
bly. Pre-conditioning the plasticiZed poly (vinyl butyral) 
interlayer sheet in a controlled temperature and relative 
humidity storage area prior to use may be taken to ensure that 
the level of volatiles present is minimized. A general recom 
mendation in the fabricators shop is store the polymeric inter 
layer at about 60 C. and 20° C., and 20 and 40 percent relative 
humidity for at least 24 hours prior to use. The fabricator may 
then take the polymeric sheet out of the controlled storage 
conditions and ply up the laminated assembly in ambient 
temperature and humidity conditions. A more optimal lami 
nation may occur by conditions for storing the plasticiZed 
poly (vinyl butyral) polymeric interlayer and rigid glass lay 
ers prior to assembling into the sub-assembly, as Well as 
assembling the sub-assembly in controlled temperature con 
ditions. 
[0030] All layers of the laminated article, including the 
polymeric interlayer and the rigid glass sheets, may be con 
ditioned and alloWed to equilibrate at about 10° C. to about 
23° C. as Well as less than about 40 percent relative humidity 
prior to assembly into the sub-assembly (FIG. 1, 1). All layers 
of the laminated article may be conditioned and alloWed to 
equilibrate at about 10° C. and less than 18° C. as Well as less 
than 40 percent relative humidity prior to assembly. Any 
technique may be used to achieve these temperature condi 
tions, but most commonly the temperature may be controlled 
by air conditioning. 
[0031] Typically, the polymeric interlayer sheet and the 
second polymeric sheet, is positioned betWeen tWo rigid 
sheets, such as tWo glass plates, to form a glass/interlayer/ 
glass sandWich assembly. The laminated article at this stage is 
referred to as a sub-assembly (FIG. 1, 2). Once all layers of 
materials have reached the proper temperature, the sub-as 
sembly may be constructed as a sandWich structure. All sur 
faces of the glass layer may be clean and dried prior to use in 
making the sub-assembly. The component layers (glass layer/ 
interlayer/ second glass layer) may be applied sequential in 
layers to make the sub-assembly at about 10° C. and less than 
23° C. as Well as less than 40 percent relative humidity. The 
sub-assembly may be constructed at about 10° C. and less 
than 18° C. as Well as less than 40 percent relative humidity. 

[0032] Once assembled in the controlled temperature and 
humidity conditions, the sub-assembly may be stored at these 
conditions prior to lamination or may immediately be pro 
cessed. Any technique may be used to achieve these tempera 
ture and humidity conditions, but most commonly the tem 
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perature may be controlled by air conditioning. If the 
environment is typically greater than 40 percent relative 
humidity, dehumidifying equipment or sieve air dryers for a 
storage air may be useful. 
[0033] In a typical lamination process, a glass sheet, an 
interlayer composed of a polymeric sheet, and a second glass 
sheet are laminated together under heat and the assembly held 
under a vacuum (for example, in the range of about 90 kPA to 
100 kPa), to remove air or de-airing of the laminating sub 
assembly. The sub-assembly is placed into a bag capable of 
sustaining a vacuum (“a vacuum bag”). The air is draWn out of 
the vacuum bag using a vacuum line or other means of pulling 
a vacuum on the vacuum bag. The vacuum bag is sealed While 
maintaining the vacuum. HoWever, another aspect of this 
invention, it has been found that the de-airing of the sub 
assembly is greatly improved if the vacuum pressure is 
applied to a chilled sub-assembly structure (FIG. 1, 2). One 
preferred embodiment is applying the vacuum to the sub 
assembly While the temperature of the sub-as sembly is kept at 
about 10° C. and less than about 23° C. Preferred is applying 
the vacuum pressure to the sub-assembly While the tempera 
ture of the sub-assembly is kept at about 10° C. and less than 
about 18° C. Any technique may be used to achieve these 
temperature conditions, but mo st commonly the temperature 
may be controlled by air conditioning. As practical, maxi 
mum vacuum pressure should be applied to maximize air 
removal since superatmospheric pressure (from the auto 
clave) is unavailable to assist in dissolving residual air in the 
sheet during bonding to the glass. The assembly is subject to 
this vacuum Without heating over a brief period during Which 
the rough surface on the PVB sheet is intact to facilitate air 
removal. This period varies With the design of the system used 
and is typically about 10 to about 30 minutes. The absence of 
heat during this phase avoids premature sealing of the sheet to 
the glass during air removal. 
[0034] Without being held to theory, the chilling of all 
layers as Well as fabricating the sub-assembly in controlled 
temperature and humidity conditions help ensure that the 
surface roughness of the polymeric sheet retain a higher 
modulus longer, and alloW a more uniform and overall greater 
degree of evacuation of any air that might be trapped betWeen 
the layers of the sub-assembly. This is essential to the improv 
ing the uniformity of the laminate properties produced by the 
non-autoclave lamination process. 
Commercial plasticiZed poly (vinyl butyral) sheets may have 
a geometrically regular or irregular (random) pattern on its 
surfaces to help facilitate deairing. The surface patterns pro 
vide grooves or channels on both surface faces, Which are 
de?ned by minute collapsible projections. During deairing, 
air at the interface With a glass layer is conventionally chan 
neled through these grooves out through the periphery of the 
assembly. The projections are an integral part of the PVB 
sheet Which melt and collapse during heating after air 
removal. Once the sub-assembly is properly deaired, the 
polymeric interlayer may provide a clear, smooth, void-free 
surface Which can be bonded to the abutting transparent glass 
layer. 
[0035] After fabricating the sub-assembly, at least the 
edges are enclosed in a sealed space. One Way to accomplish 
this is to insert the sub-assembly in a ?exible rubber or nylon 
bag having a port communicating With a vacuum source (FIG. 
1, 3). Alternatively, a ring in communication With a vacuum 
source seals around the edges only of the assembly. When 
using a vacuum bag, a breather layer is used betWeen the 
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?exible bag and the laminate assembly enclosed therein. Such 
breather layer resists the ?exible bag being prematurely 
tightly draWn doWn around the edges of the enclosed assem 
bly When vacuum is imposed on the interior of the bag before 
all air from inside is evacuated. 

[0036] The sub-assembly may be placed in either the 
vacuum bag or the vacuum ring may be applied to the sub 
assembly and evacuated at about 10° C. and about less than 
23° C. The sub-assembly may be placed in either the vacuum 
bag or the vacuum ring may be applied to the sub-assembly 
and evacuated at about 10° C. and about 18° C. ambient 
conditions. After enclosing the edges in a sealed space, 
vacuum is draWn on the sealed space to remove air therefrom 
and evacuate moisture and air from the sub-assembly. 

[0037] After such period, the laminate assembly While 
maintaining vacuum is gradually heated to a temperature 
suf?cient to seal the edges of the glass layers to the encapsu 
lated PVB layer (FIG. 1, 4). Any means may be used to 
e?iciently heat the laminate subassembly While under 
vacuum. Conventional ovens With variety of heating sources, 
such as gas-?red or electrical resistivity may be used; or 
continuous oven With infra-red sources, may be utiliZed as 
long as the vacuum may be adequately maintained about 
sub-assembly. The onset of the sealing may occur With the 
PVB at as loW as 27° C., but in order to achieve uniform 
sealing around the complete sub-assembly, the temperature 
may reach about 95° C. and happens about 20 minutes into the 
heating cycle in the embodiment encompassed by the plot 
displayed in FIG. 1. Then the temperature of the assembly is 
further increased to about 125° C. to about 135° C. While 
maintaining the vacuum on the process. This increase in 
temperature may be desirable to obtain mature edge seal for a 
minimum of 20 minutes, and assure that all layers of the 
sub-assembly have su?iciently adhered together (FIG. 1, 5). 
[0038] Controlled cooling and release of the vacuum may 
be desired to prevent the formation of edge bubbles of the 
laminate article. The temperature of the process is gradually 
loWered at a rate of about 05° C./minute to about 5° 
C./minute. It is desirable to continue to maintain the vacuum 
until the laminate article cools to about 40° C. (FIG. 1, 6). 
Alternately, the vacuum may also be gradually reduced over 
about 10 minutes up to the time necessary for the laminate 
article to reach 40° C. If the vacuum is released prematurely 
or too quickly, edge bubbles may form in the laminate article. 
Conditions for the cooling and vacuum removal may vary 
With the complexity of the laminated structure and the means 
used to heat and cool the process. Maintaining the vacuum 
until the laminate cools to 40° C. is preferred to promote good 
and bubble free edges. The laminate can then be removed 
from the vacuum bag or ring after further cooling to ambient 
temperature (FIG. 1, 7). 
[0039] The various temperatures and periods of exposure 
may be provided by apparatus Which includes a program 
mable oven or a conveyor for the subassembly to sequentially 
pass through Zones maintained at the desired temperatures, 
but at such a rate that the heating of the laminate article is most 
economically achieved In addition, the vacuum and tempera 
ture pro?le of the process may vary from that shoWn in FIG. 
1 depending, for example, on the capacity and layout of the 
process equipment. Using the process of the present inven 
tion, the fabricator can use regular commercial grades of the 
plasticiZed poly (vinyl butyral) sheet With higher moisture 
levels. 
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[0040] As described above, the laminate articles of the 
present invention may include additional layers, such as other 
polymeric sheets, other coated or uncoated polymeric ?lms. 

EXAMPLES 

[0041] Certain features of the invention Which are, for clar 
ity, described above and beloW in the context of separate 
embodiments, may also be provided in combination in a 
single embodiment. Conversely, various features of the 
invention that are, for brevity, described in the context of a 
single embodiment, may also be provided separately or in any 
sub-combination. Further, reference to values stated in ranges 
includes each and every value Within that range. 
[0042] Sixty sheets of 0.38 mm thick of BUTACITE® 
B51S plasticiZed poly (vinyl butyral) sheeting and 120 panes 
of ?oat glass (4x2250><3210 mm) Were cooled to 18° C. and 
stored at 40 percent relative humidity prior to assembling into 
thirty glass/interlayer/ glass sub-assemblies. BUTACITE® 
B51S interlayer sheet as shipped, has a moisture content of 
0.43 percent. Each sheet of poly (vinyl butyral) interlayer Was 
interposed betWeen tWo glass sheets to form a sub-assembly 
at 1 5 .5° C. in a 40 percent relative humidity environment. The 
excess interlayer sheet overhanging the edges of the glass 
sheets Were trimmed to off. Each sub-assembly had a vacuum 
deairing ring applied around its peripheral edges and the 
de-airing ring Was connected to a vacuum source. The 
vacuum source applied 95 kPa to the sub-assembly While it 
Was maintained at 155° C. for 30 minutes. 
[0043] While still under the vacuum, the all sub-assemblies 
and deairing rings Were loaded vertically (With the short edge 
on the bottom) into three carts, so as to position approxi 
mately 50 mm betWeen each sub-assembly. The spacing of 
the laminates Was to alloW for hot air to How thoroughly 
around each sub-assembly While in the oven. The carts Were 
positioned into a 2500 mm Wide, 3500 mm high and 3500 mm 
deep electrical circulating air convention oven, Which Was 
heated to 135° C. The surface temperature of the sub-assem 
blies Was monitored by an infrared thermometer during the 
heating stage to verify that the sub-assemblies Were reaching 
the proper temperature. Each sub-assembly remained under 
vacuum While in the oven. Based upon the air ?oWs of the 
oven, the sub -assembly reached the targeted 135 ° C. tempera 
ture over a 50 minute time period. Vacuum Was continued to 
be applied While the sub-assemblies Were held in the oven for 
an additional 40 minutes to ensure that the glass, interlayer, 
and glass ?rmly adhered to each other. 
[0044] At the conclusion of the heating cycle, the vacuum 
pump and oven heating Were turned off. HoWever, the vacuum 
remained at the approximately the same levels on the lami 
nated structure because of the integrity of the vacuum system 
did not appreciably bleed doWn the vacuum. The carts con 
taining the 60 laminate articles remained in the oven over 
night to cool. The de-airing vacuum ring Was disconnected 
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from the vacuum source, once the laminate structure Was 
veri?ed to be beloW 40° C. Once the laminate Was cool to 
touch, the laminated structure Was removed from the de 
airing ring. 
[0045] All sixty laminated structures Were visually 
inspected. Each laminate Was found to have high optical 
clarity, indicating that the process had been effective at 
removing the air and moisture from betWeen the layers and 
that the layers had adhered securely to each other. In addition, 
all sixty of the laminate structures Where found to be free of 
edge bubbles. 

1. A process comprising sequentially: 
(a) providing a rigid layer and a poly (vinyl acetal) inter 

layer, 
(b) constructing a sub-assembly comprising the rigid layer 

and poly (vinyl acetal) interlayer; 
(c) placing the sub-assembly in a vacuum bag or vacuum 

press; 
(d) applying a vacuum to the vacuum bag or vacuum press 

for a maximum of 30 minutes, Wherein the sub-assembly 
is maintained at a temperature betWeen 10° C. and 22° 

C.; 
(e) increasing the temperature of the sub-assembly to at 

least 125° C. over a minimum of 20 minutes, While 
maintaining vacuum on the vacuum bag; 

(f) processing the sub-assembly at minimum of 125° C. for 
a minimum of 20 minutes to form a laminate; 

(g) cooling the laminate at a rate of at least 0.5° C./minute 
until the laminate reaches a temperature beloW 40° C.; 

(h) removing the vacuum from the vacuum bag, containing 
the laminate, and alloWing the laminate to reach atmo 
spheric pressure as the laminate continues to cool to 
ambient temperature; 

Wherein step (a) through step (e) are carried out at 10° C. to 
22° C. and less than 40 percent relative humidity; and step (d) 
through step (g) are carried out under a vacuum pressure 
applied of 40 kPa or less. 

2. The process of claim 1 Wherein the poly (vinyl acetal) 
interlayer is a polyvinyl butyral interlayer. 

3. The process of claim 1 Wherein the rigid layer is a glass 
sheet. 

4. The process of claim 1 Wherein step (a) to step (d) are 
carried out at 10° C. to 20° C. 

5. The process of claim 1 Wherein step (a) to step (d) are 
carried out at 15° C. to 20° C. 

6. The process of claim 1 Wherein step (d) is carried out for 
10 minutes. 

7. The process of claim 1 Wherein step (e) to step (f) is 
carried out at least 130° C. 

8. The process of claim 1 Wherein step (e) and step (f) are 
carried out at 135° C. 


